Overexpression of CrtR-b2 (carotene beta hydroxylase 2) from S. lycopersicum L. differentially affects xanthophyll synthesis and accumulation in transgenic tomato plants.
Plant chloroplasts are enriched in xanthophylls which participate in photosynthesis as light-absorbing pigments and as dissipaters of excess light. In comparison, chromoplasts have evolved the capacity to synthesize and store brightly coloured carotenoid pigments to give flowers and fruits the power to attract pollinators and fruit dispersers. The best performing accumulator of xanthophylls in tomato is the petal chromoplast in contrast to the fruit chromoplast which only seems able to store carotenes. We have generated genetically engineered tomato lines carrying the tomato CrtR-b2 transgene with the aim of forcing the fruit to accumulate beta-xanthophylls. Both chloroplast- and chromoplast-containing tissues of hemizygous transgenic plants were found to contain elevated xanthophyll contents as a direct consequence of the increased number of CrtR-b2 transcripts. Hemizygous transgenic leaves contained fourfold more violaxanthin than control leaves. Developing fruits were yellow instead of green since they lacked chlorophyll a, and their violaxanthin and neoxanthin contents were seven- and threefold higher, respectively, than those of the control. Ripe fruits of hemizygous transgenic plants contained free violaxanthin and significant amounts of esterified xanthophylls. Esterified xanthophylls were present also in ripe fruits of control and homozygous plants. However, in transgenic homozygous plants, we observed a reduction in transcript content in most tissues, particularly in petals, due to a post-transcriptional gene silencing process. These findings demonstrate that tomato fruit chromoplasts can accumulate xanthophylls with the same sequestration mechanism (esterification) as that exploited by chromoplasts of the tomato petal and pepper fruit. This study on transgenic plants overexpressing an important carotenoid gene (CrtR-b2) provides an interesting model for future investigations on perturbations in beta-carotene-derived xanthophyll synthesis which in turn may provide insights into the molecular mechanisms controlling carotenoid metabolism in tomato.